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1. Introduction 
Chemical contaminants most commonly enter aquatic 
systems via industrial outfalls, runoff, or atmospheric deposition. 
However, once in the water, many chemical contaminants ultimately 
accumulate in sediments through chemical precipitation and/or 
adsorption to clay or organic particles. Sediments provide habitat for 
numerous species of aquatic life, which can be exposed to 
contaminants via ingestion or absorption. Of particular concern to 
aquatic life are heavy metals such as lead, mercury, copper and zinc 
and organic chemicals such as polychlorinated biphenyls (PCBs), 
polycyclic aromatic hydrocarbons (PAHs), and some pesticides. 
Sediments serve as both a sink and a reservoir for persistent 
chemicals. These chemicals can accumulate in benthic organisms that 
inhabit sediments but many can also be remobilized into the water 
column under certain conditions. However, not all chemicals present 
in sediments are toxic/bioavailable. In some instances concentrations 
of chemicals in the sediments may be several orders of magnitude 
higher than that of overlying water and may not be toxic to aquatic 
organisms that live in the sediments because the chemicals may be in 
a form that is not available to the organisms [1]. 
Bioassays are commonly used in monitoring scheme in 
toxicological studies [2]. Indicator organisms are used to provide 
early warnings of potential environmental hazards, including the 
presence of pollutants like toxic heavy metals and organic 
contaminants. Such assays are often used to monitor the acute 
toxicity of industrial effluents according to the guidelines set by the 
regulatory authority. These tests usually entail a 96 h assay using 
invertebrates and cadmium as a reference toxicant [2]. 
Pollution of the aquatic environment by heavy metals has 
received considerable attention in recent years owing to their toxicity 
at very low levels, persistence in the environment, and their ability to 
accumulate in animal tissues. It is well known that metal toxicants 
seldom occur individually in the aquatic environment. Industrial 
effluents and agricultural run-offs into aquatic systems almost 
certainly burden the ecosystem with mixtures of toxic, or potentially 
toxic, metals. Despite the considerable amount of information 
available on the effects of individual heavy metals on aquatic 
organisms, reports on adverse effects of heavy metal mixtures to 
aquatic organisms and their interactions at lethal and sublethal levels 
are quite limited. The importance of complex mixtures of toxicants in 
determining water-quality criteria and setting guidelines in effluent 
discharge has been emphasized by Sprague [3], Marking and Dawson 
[4], Spehar et al. [5], Weis [6], Weis and Weis [7], and Wong et al. [8].  
Pollution of aquatic environments by acid drainage and 
associated toxic metals is a widespread problem in watersheds 
affected by historic and ongoing hard-rock mining. Hard rock mining 
typically targets ore bodies containing sulfide minerals of both target 
metal(s) and other co-occurring metals. Some sulfide minerals, 
especially the abundant iron (Fe) sulfide, pyrite, can oxidize in the 
presence of oxygen to form sulfuric acid. The resulting acid drainage, 
which can mobilize high concentrations of toxic metals, occurs 
naturally through erosion and weathering of mineral deposits, but 
the process can be greatly accelerated by mining activities, which 
expose large amounts of sulfide minerals in mine tunnels, waste rock 
piles, and deposits of mine and mill tailings [9]. 
Heavy metal contamination may have devastating effects 
on ecological balance of the recipient environment and a diversity of 
aquatic organisms [10-12]. Due to rapid industrialization heavy 
metals are excessively released into the environment and this has 
created a major global concern. Cadmium, zinc, copper, nickel, lead, 
mercury and chromium are often detected in industrial wastewater, 
which originate from metal plating, mining activities, smelting, 
battery manufacture, tanneries, paint manufacture, pigment 
manufacture and printing [13,14]. 
The invertebrates are largely used as a tool for monitoring 
of chemicals in the environment. Biological, ecological and 
toxicological characteristics render invertebrates useful in detecting 
pollution in specific habitats, mainly through their bioaccumulation 
potential, and in evaluation of individual effects of exposure [15, 16]. 
Among freshwater macroinvertebrates, benthic organisms such as 
chironomid larvae are considered as a promising indicator of water 
quality because of their ubiquity and abundance in aquatic 
ecosystems [17,18]. The extraordinary number of species and 
ecological ranges within this family group adds a high degree of 
resolution and sensitivity to environmental interpretations as 
biomonitors [19]. There are several accounts on chironomid 
tolerance to pollution, responses to contaminants and their use as 
indicators of water quality [20]. The family Chironomidae has been 
used to investigate heavy metal pollution [21] and changes in lake 
salinity [22]. Chironomid larvae have been used as bioindicators of 
an acid mine drainage in Portugal [23, 18]. Hence in the present 
study an attempt has been made to study the mixture toxicity of 
cadmium and manganese to the larvae of Chironomous tentans. 
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2. Materials and Methods 
Stock solutions of the two individual metals cadmium and 
manganese were prepared separately by dissolving required 
quantities of their salts in double distilled water. After conducting 
exploratory bioassays, narrow range concentrations were fixed for 
each metal. Ten larvae were exposed top each concentration in 
100ml water contained in a disposable plastic cup. Mortality of the 
larvae were observed and recorded after 24, 48, 72 and 96 hours of 
exposure. A control set containing ten larvae in well water was also 
maintained. The larvae were not fed for one day before starting the 
experiment to avoid changes in toxicity of metals due to excretory 
products. The experiments were repeated when there was mortality 
above ten percent in the control sets. For assessing the mortality in 
two metal combinations, the concentrations of one metal is kept 
constant taking its 1/10 of 96hr LC50 value and the concentration of 
the other metal is varied. The metal shown in parenthesis is taken in 
all test concentration at the level of its 1/10 96hr LC50. 
The larvae were considered dead when they gave no 
response on probing with a glass rod. Since dead larvae in the static 
bioassay may deplete the dissolve oxygen, they were removed 
immediately at first glance. The mortality data was subjected to 
weighted probit analysis as suggested by Finney [24] and the LC 50 
values for 24, 48, 72 and 96 hours were calculated with the 95% 
fiducial limits. Goodness of fit was calculated with chi-square tests. 
 
3. Results and Discussion 
Table 1 shows the acute toxicity test results of cadmium to 
the larvae of Chironomus tentans. The LC50 values showed a decline 
with the increase in exposure period. The slope function exhibited an 
increase from 24 hours to 72 hours and later showed a decline in 
96hrs. The difference between observed and table chi-square values 
were statistically not significant except for 72 hours of exposure. 
With reference to manganese, similar trends in LC50 values and slope 
function were observed except 96hrs of exposure, and statistically 
significant differences were found between observed and table chi-
square values for different exposure periods (Table 2). 
 
Table 1: Acute Toxicity Test results of Cd to the larvae of Chironomus tentans 
 
Hours 
Lethal concentration value (ppm) 
95% Fiducial limits 




LC5 LC10 LC16 LC50 LC89 LC90 LC99 Lower Upper Observed Table Significance 
24 166.21 180.93 193.46 244.02 307.79 329.12 420.03 235.76 252.57 Y=-18.5544+9.865985x 1.261 0.7484 7.81 NS 
48 118.93 133.88 147.00 203.26 281.04 308.58 433.72 196.78 209.94 Y=-11.31644 + 7.069347x 1.382 7.686 12.59 NS 
72 80.14 93.10 104.80 157.94 238.04 267.95 412.30 147.64 168.96 Y=-7.27632+5.584063x 1.507 19.196 15.51 S 
96 56.34 64.78 72.34 105.99 155.31 173.41 259.06 87.48 128.42 Y=-7.142638+5.995481x 1.465 27.52 9.49 NS 
S – Significant  NS – Not Significant (0.05 level) 
Table 2: Acute Toxicity Test results of Mn to the larvae of Chironomus tentans 
 
Hours 
Lethal concentration value (ppm) 
95% Fiducial limits 
of LC50 (ppm) Probit Regression Slope function ‘S’ 
Chi-square values 
LC5 LC10 LC16 LC50 LC89 LC90 LC99 Lower Upper Observed Table Significance 
24 126.06 140.82 153.68 208.08 281.73 370.47 422.73 191.14 219.63 Y=12.52384+7.559112x 1.353933 13.16 12.59 S 
48 117.26 131.38 143.71 196.15 267.77 292.85 406.03 184.09 208.99 Y=11.88328+7.364276x 1.364831 11.76 11.07 S 
72 85.89 101.08 114.96 179.53 280.38 318.87 509.34 171.22 188.25 Y=-6.582629+5.138345x 1.651691 4.44 9.49 S 
96 94.80 107.29 118.31 166.04 233.01 256.95 366.83 150.22 183.53 Y=10.00735+6.75939x 1.403353 11.38 9.5 NS 
S – Significant  NS – Not Significant (0.05 level) 
 
The differences between observed and table chi-square 
values were statistically significant in all the exposure periods for 
(Cd)+ Mn combination. Decrease in LC50 values was observed with 
the increase in exposure period.  The slope function increased upto 
72 hours of exposure and showed a decline after 96 hours of 
exposure. The differences between observed and table chi-square 
values were statistically significant for 24 and 72 hours of exposure 
(Table 3). 
 
Table 3: Acute Toxicity Test results of (Cd)+Mn to the larvae of Chironomus tentans 
 
Hours 
Lethal concentration value (ppm) 
95% Fiducial 







LC5 LC10 LC16 LC50 LC89 LC90 LC99 Lower Upper Observed Table Significance 
24 83.73 103.66 112.70 220.10 394.80 467.30 863.38 210.34 230.36 Y=4.183449+3.9201156x 1.793721 9.64 18.31 NS 
48 43.50 58.32 73.52 164.03 365.98 461.35 1072.00 147.01 183.02 Y=1.321857+2.854196x 2.231129 30.34 19.68 S 
72 8.94 14.39 20.95 77.030 283.18 412.31 1618.99 69.0 85.87 Y=1.68042+1.75938x 3.676228 11.80 19.68 NS 
96 6.82 10.43 14.57 46.52 148.04 207.51 702.25 35.63 60.79 Y=1.708148+1.973927x 3.191162 11.59 11.07 S 
S – Significant  NS – Not Significant (0.05 level) 
 
Acute toxicity test results of (Mn)+Cd to the larvae of 
Chironomous tentans are shown in Table 4. The LC50 values showed a 
decline with the increase in exposure period. Increase in slope 
function values was noticed with the increase in exposure time from 
24 hours to 96 hours. The difference between observed and table chi-
square values was statistically significant for only 48 and 72 hours of 
exposure. 
 
Table 4: Acute Toxicity Test results of (Mn)+Cd  to the larvae of Chironomus tentans 
 
Hours 
Lethal concentration value (ppm) 
95% Fiducial 







LC5 LC10 LC16 LC50 LC89 LC90 LC99 Lower Upper Observed Table Significance 
24 33.60 46.91 61.05 152.12 379.04 493.29 1287.28 141.13 163.96 Y=-0.4748006+2.508857x 2.491715 14.43 16.92 NS 
48 10.30 17.09 25.50 101.95 407.95 607.95 2606.84 79.77 130.30 Y=1.68007+1.653005x 3.997492 50.19 19.68 S 
72 1.070 2.43 4.67 44.43 422.69 809.71 8632.06 30.51 64.712 Y=3.324471+1.016854x 9.511971 35.12 18.31 S 
96 0.383 0.930 1.87 21.19 239.67 482.62 6170.46 16.65 26.96 Y=3.747585+0.9443371x 11.30818 15.31 16.92 NS 
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Bechard et al. [25] found that with the first instar larvae of 
Chironomus riparius, the order of toxicity of different metals as Pb > 
Cu > Cd> Ni> Zn, and with third instar larvae of Chironomus tentans, 
as Cu > Cd > Zn > Pb > Ni [26]. Cd was the most toxic to C. javanus, 
followed by Cu, Fe, Pb, Al, Zn, Mn and Ni. Similar results were 
reported for the midge Chironomus pulmosus and dipteran Culicoides 
furens, where Cd was among the most toxic to the species [27]. Milani 
et al. [28] also showed that Cd was more toxic than Cu and Ni to first 
instar larvae of Chironomus riparius and these results are on par with 
the present study. 
 
Metals accumulated in animals can be stored without 
excretion leading to high body concentrations (accumulators) or the 
metal levels in the body can be maintained at a low constant body 
concentration (regulators) by balancing the uptake with controlled 
rates of excretion [29]. This study indicates that C.tentans is a 
potential bioindicator organism of metal pollution and test organism 
in toxicity testing. 
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